Abstract: Two new selective C-C bond formation procedures are described; the Cucatalyzed alkylation of organomanganese chlorides by alkyl halides and the Fecatalyzed alkenylation of organomanganese chlorides by alkenyl halides. These reactions have a large scope and give high yields under mild conditions (rt, 1 h). They are highly chemoselective and allow the preparation of numerous functionalized molecules. In both cases, the presence of NMP as cosolvent (THFNMP) is determinant. For preparative organic chemistry, these two reactions compare favorably to the other related procedures since they are very easy to carry out and involve no toxic or expensive product. The Fe-catalyzed reaction is the first general Fe-catalyzed alkenylation procedure of preparative interest since no excess of alkenyl halides is required and even alkenyl chlorides can be used successfulIy.
INTRODUCTION
The chemistry of organomanganese reagents has been essentially developed by our group since 1974 (G. Cahiez and ~011.1) . From a general point of view, organomanganese reagents are more stable than many organotransition metal compounds and are easily prepared from manganese chloride or bromide, two cheap starting materials. The most part of the reactions reported until now concerns the chemistry of carbonyl compounds: acylation, 1 ,a-addition, 1 ,Caddition and enolizationl . These reactions, which have a very large scope, are of interest for preparative organic synthesis since they can be performed very chemoselectively under mild conditions (ether or THF, O°C to rt) and give high yields. Cross-coupling reactions of organometallics with organic halides have been extensively studied these last years. Many of these reactions involved organotransition metal compounds as stoichiometric reagents (e.g. cuprates)* or as catalytic intermediates (e.g. Cu-, Pd-and Ni-catalyzed reactions of RMgX, RZnX.. .)2* 3. In spite of the numerous investigations performed, no general procedure involving organomanganese reagents has been described until now. In recent years, we have decided to take advantage of the interesting characteristics of these reagents for preparative organic chemistry to develop new cross coupling reactions (alkylation, alkenylation, arylation.. .). Our first results are described below.
Cu-CATALYZED ALKYLATION OF ORGANOMANGANESE REAGENTS4
Preliminary results Organomanganese reagents do not react with alkyl halides or give a mixture of decomposition products (essentially the p-elimination or dimerization products). The alkylation reaction was only observed with reactive organic halides such as allylic halides.
Hept 68% Ether, rt -Cl + HeptMnIHowever, the reaction is generally very slow and gives moderate yields. Better results can be obtained with organomanganates which are more reactive. It is worthy of note that y-substituted allylic halides react regioselectively to afford almost exclusively the S N~ substitution product. 
Entry R Yield (%)
Scope and limitations of the reaction Under the conditions described above, alkyl bromides, iodides or sulphonates were easily substituted. On the other hand, alkyl chlorides reacted sluggishly and gave poor results. Organomanganese chlorides prepared from the corresponding organomagnesium or organolithium compounds have been used successfully (Entries 1 and 2). Interestingly, n-, sec-, and tert-alkylmanganese chlorides afforded the substitution product in excellent yields (Entries 2 to 4).
Methyl manganese chloride is less reactive than its higher homologues. This difference is not important in the case of alkyl iodides which are readily methylated at room temperature (Entry 5). However, with alkyl bromides, it is necessary to carry out the reaction at 60°C (Entries 6 to 8). With aryl manganese chlorides which are also less reactive than their alkyl counterparts, the reaction is slow and led to low yields even at 60°C. Unexpectedly, after various attempts we have found that, in this case, the NMP has a detrimental influence. Thus, satisfactory results were obtained by working in THF alone. With functionalized alkyl bromides, the chemoselectivity of the reaction is, as expected, excellent. Thus, the substitution of the bromine atom selectively occurred in the presence of another less reactive leaving group (e.g. chlorine, entry 9) even when the difference of reactivity is low (e.g. sulphonate, entry 10).
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After metallation (2 equiv. of RMnCl were used), the hydroxy or carboxylic acid groups do not interfere with the alkylation reaction (entries 11 and 12). With o-bromo aldehydes the reaction led to a mixture of the starting aldehyde with the alkylated product as their cyclic trimers.
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Interesting results have been obtained with alkyl bromides bearing a leaving group in the p-position.
Indeed, it is well known that these compounds are very difficult to alkylate since the competitive pelimination is generally the main reaction.13 With our procedure the presence of an acyloxy group in the p- Comparison with the cuprate and the Cu-catalvzed Grignard reagent orocedures, The copper-catalyzed alkylation of organomanganese chlorides is very interesting for preparative organic chemistry. Indeed, it combines the main advantages of the other alkylation procedures previously described.
-It is less expensive and easier to perform than the cuprate procedures : catalytic amount of copper (manganese is less expensive than copper and easier to eliminate during the final work-up), no excess of organometallic (1.05 equiv.), no low temperature, no expensive or toxic additives such as PR3, HMPA.. . .
-It compares also favorably with the Cu-catalyzed Grignard reagent procedure since it is also easy to carry out but it generally gives higher yields, especially to introduce sec-or tert-alkyl groups. Fe-catalyzed alkenylation of Grignard reagents has been previously reported by Kochi 17 who has performed a very interesting mechanistic study. For large scale applications the replacement of palladium and nickel salts by iron salts is extremely attractive (Fe is less expensive than Pd and less toxic than Ni). However, this reaction is practically unused in preparative organic chemistry since the alkenyl halide must be generally employed in large excess (3 to 5 equiv.). On the contrary, our first experiments have indicated that the Fe-catalyzed organomanganese procedure does not require an excess of reagents. This substantial advantage prompts us to study this reaction.
Studv of the reaction: scope and limitations
At first, we have studied the influence of various parameters to increase the yield of the reaction. As in the case of the Cu-catalyzed alkylation of organomanganese reagents described above, the presence of N M p as cosolvent has a dramatic influence since the yield jumped from 12% to 76%. This is surprising since the choice of the iron salts is very important with the corresponding Grignard reagent procedure.17b
Finally, we have found that a slight excess of organomanganese chloride (1.4 equiv.) has to be used to consume all the starting alkenyl bromide. Excellent yields were then obtained under mild conditions (rt, 1 h). 
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The reaction has a large scope, thus aryl and n-or sec-alkylmanganese chlorides gave excellent yields (Entries 21, 22 and 24). On the other hand, with tert-alkylmanganese chlorides the formation of decomposition products was mainly observed (Entry 23 ). The vinyl-vinyl cross coupling is more difficult and the yields are very dependant on the structure of the alkenyl group accruing from the organometallic (Entry 26 ). This point is currently investigated.
3% Fe(acac)g
T H F M P , rt, 1 h
No limitation has been found concerning the nature of the alkenyl halide. Thus, the double bond can bear one or many substituents in the a-or P-positions (Entries 25 to 30).
It should be pointed out that this procedure is highly chemoselective. This is well demonstrated by the following example. Interestingly, alkenyl chlorides which are more stable and cheaper than the corresponding bromides and iodides can be used successfully (e.g. Table 5 , entries 28 and 30). It is worthy of note since they are seldom used because of their low reactivity.
BuMnCl
As shown above, the Fe-catalyzed alkenylation of organomanganese reagents is also very interesting for its excellent chemoselectivity .
Finally, it is important to note that the procedure described above is the first general Fe-catalyzed alkenylation of organometallics of real interest for preparative organic chemistry.
CONCLUSION
The two procedures described above show the interest of the transition metal-catalyzed cross coupling of organomanganese reagents with organic halides for the selective formation of C-C bonds. They combine many advantages; mild reaction conditions, no excess of reagents, no toxic or expensive additive, high yields and excellent selectivity. Therefore, they compare often favorably to the other related organometallic procedures especially for large scale applications. Some other cross coupling reactions involving organomanganese reagents have been developed and will be reported soon.
